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1
SORBENT FAMILIES

This application is a continuation of application Ser. No.
07/920,335, filed Jul. 27, 1992, now abandoned.

TECHNICAL FIELD

The invention relates to families of affinity ligands useful
in separations and purification of biological and other mate-
rials. More particularly, the invention concerns families of
ligands which provide unique patterns of affinities among
candidate moieties which need to be separated.

BACKGROUND ART

Chromatographic separations in the liquid and gas phase
are commonplace and exploit a variety of molecular inter-
actions. One general class of chromatographic interactions
exploits only a single generalized property, such as interac-
tion with an anion or cation or a hydrophobic stationary
phase. Another general category, generally known as affinity
chromatography, employs ligands that interact specifically
with individual targets, such as antibodies or receptor pro-
teins.

In the chromatographic mode employing ion-exchange
supports or hydrophobic supports, the behavior of the mol-
ecules is generic with respect to groups—i.e., certain groups
of molecules will be readily adsorbed to cation exchangers,
others to anion exchangers, others to hydrophobic moieties
and the like. These chromatographic techniques generally
require large numbers of partitioning events to separate the
individual members of these groups. On the other hand, in
the “affinity” mode, only a very small class of molecules is
adsorbed to the affinity support and all other molecules are
unaffected. Thus, this latter method is unable to sort out
individual members of large classes of compounds absent a
multiplicity of individual steps involving individual affinity
ligands.

Additional drawbacks of the foregoing conventional chro-
matographic methods reside in the difficulty of eluting the
adsorbed materials in a biologically active form. Both the
eluates from affinity chromatography using immunoglobu-
lins, and those containing materials adsorbed to ion
exchangers, show distortions in the molecular conformation
of the contained materials (Ohlson, S. et al. Anal Biochem
(1989) 169:204; Muller, W., J Chromatog (1990) 510:133).

The foregoing forms of chromatographic separations can
be thought of as “single mode” procedures wherein only a
particular property, such as charge, hydrophobicity, or spe-
cific affinity for a ligand is made the basis for separation.
There has been limited experience with “mixed mode”
sorbents where a number of features of the adsorbing
moieties are employed. Such approaches are described in
U.S. Pat. No. 4,694,044 wherein random copolymers of
amino acids are used as a chromatographic matrix. Com-
mercially available materials for the “mixed mode”
approach include Polysorb MP3 (Interaction Chemicals),
which is a polymeric sorbent containing both C-18 and
sulfonic acid moieties. In addition, a series of Cibacron Blue
dyes attached to DEAE or CM agarose are commercially
available from Bio Rad.

PCT application WO 89/09088 describes, generally, the
approach of using paralog sorbents for achieving mixed
mode chromatography at a molecular level. As described in
this publication, polymeric materials are constructed from
individual monomer units in such a manner as to system-
atically vary at least two properties across the group of
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paralogs, thus providing a maximally diverse spectrum of
affinities for a variety of target molecules. The present
invention is directed to particular families of such paralogs
which are designed to mimic, to systematically varying
degrees, the properties of commonly used anion or cation
exchange resins, such as diethylaminoethyl cellulose
(DEAE) and carboxymethyl cellulose (CMC). These sor-
bents may be used as families to determine ideal supports for
separation of particular mixtures, or singly for the actual
separation of the members of these mixtures. In addition,
these materials are helpful in selective elution of members of
the groups of adsorbed molecules.

DISCLOSURE OF THE INVENTION

The invention provides individual sorbents and families
of sorbents which mimic the properties either of DEAE or
CMC with varying degrees of fidelity. These sorbents are
short peptides or close analogs thereof wherein the indi-
vidual amino acid residues are selected to provide overall
positive or negative charge and/or varying patterns of charge
distribution, hydrophobicity, molecular rigidity and helical
conformation propensity.

Thus, in one aspect, the invention is directed to a family
comprised of at least three peptides which peptides display
arange of affinities for a protein in comparison to the affinity
of DEAE for said protein, and wherein the peptides of said
family are composed of small numbers of amino acid
residues containing a preponderance of positively charged
amino acids and wherein each peptide of the family differs
from all other peptides of the family with respect to at least
two parameters selected from the group consisting of total
positive charge, spatial arrangement of positive charge,
cyclization, and helical conformation propensity.

In another aspect, the invention is directed to compounds
which mimic CMC. In this aspect, the invention is directed
to a family of at least three peptides which peptides display
arange of affinity for a protein in comparison to the affinity
of CMC for said protein, wherein the peptides of the family
are composed of small numbers of amino acid residues
containing a preponderance of negatively charged aminoac-
ids, and wherein each peptide of the family differs from all
other peptides of the family with respect to at least two
parameters selected from the group consisting of total nega-
tive charge, spatial arrangement of negative charge, cycliza-
tion, and helical conformation propensity.

In still another aspect, the invention is directed to peptides
that mimic uncharged sorbents.

In additional aspects, the invention is directed to the
compounds of the invention coupled to solid supports
wherein the solid supports do not provide a significant
degree of background ion exchange character and to the use
of a compound of the invention coupled to such supports in
chromatographic separations.

in other aspects, the invention is directed to methods to
elute adsorbed materials using the compounds of the inven-
tion as eluting agents.

In still other aspects, the invention is directed to the
compounds of the invention per se, individually or in
groups.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows the behavior of bovine serum albumin
(BSA) with respect to adsorption to DEAE, CMC, Affi-Gel
10 (AFG) and ten different sorbents of the invention.
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FIG. 1A shows the guantity of BSA in the flow-through
(FT) fractions;

FIG. 1B shows the amount of BSA which has been
adsorbed and eluted (RE).

FIG. 2 shows the quantity of BSA in the retained and
eluted (RE) fractions from the materials of FIG. 1 over a
series of five cycles of regeneration of the sorbent.

FIG. 3 shows the pattern of recovery of various proteins
in retained and eluted fragments from the sorbents described
in the results of FIG. 1.

FIG. 4 shows the adsorption isotherm for BSA on DEAE
and on selected sorbents of the invention, P3 and P4.

FIG. 4A shows typical data for BSA with respect to the
sorbent P3 and with respect to unconjugated Affi-Gel.

FIG. 4B shows the Scatchard analysis of the data of FIG.
4A with respect to sorbent P3 as well as data similarly
obtained for sorbent P4 and for DEAE.

FIG. 5 shows photocopies of a series of SDS-PAGE
determinations of flow-through (FT) fractions and retained
eluates from a series of separations using DEAE and the
sorbents of the invention and starting with a yeast cell lysate
(starting material, SM).

MODES OF CARRYING OUT THE INVENTION

In general, the sorbents of the invention are short peptides
wherein a series of amino acids provides a net positive or
negative charge to the peptide, depending on the desirability
of mimicking cation or anion exchange stationary phases,
such as DEAE or CMC, or wherein the peptide has a net
charge of zero wherein non-charged sorbents are mimicked.
This sequence of amino acids is optionally bracketed by
cysteine residues to provide cyclization through disulfide
bond formation; alternatively, cyclization is provided by
amide or ester formation. In addition, the amino acid
sequence of the peptide is optionally preceded by an amino
acid that influences helix formation to provide variance in
helical conformation propensity.

Preferred negatively charged amino acids are the gene-
encoded aspartic or glutamic acid residues; however, other
negatively charged amino acid residues not encoded by the
gene, such as cysteic acid, may also be used. Preferred
positively charged amino acids include ornithine and gene-
encoded lysine and arginine residues. Other positively
charged amino acid residues included and preferred are
homolysine and homoarginine. Of course, all of the residues
in the sequence need not bear a charge; there must simply be
a preponderance of the appropriately charged residues,
where an overall charge is desired.

Preferred neutral amino acids are the low molecular
weight forms such as glycine, serine, alanine, and threonine,
and their nonencoded analogs such as sarcosine (Sar) and
B-alanine (B-ala). If hydrophobic character is desired to be
superimposed on the charged structure, valine, leucine,
isoleucine, phenylalanine, tryptophan, or methionine are
preferred, as well as the nonencoded phenylglycine (Phg),
N-methyl isoleucine (N-Melle), norleucine (Nie), and cyclo-
hexyl alanine (Cha).

Isosteric pseudopeptide linkages, generally known in the
art, can also substitute for one or more peptide linkages in
the sorbents of the invention. These linkages include

—CH,NH—, —CH,—S, —CH,CH,—, —CH=—CH—
(cis and trans), —COCH,—,—C(OH)CH,— and
—CH,SO—.

If cyclic forms of the peptides are desired, the charge-
conferring or neutral sequence is bracketed by residues for
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formation of disulfide or other bridges. Formation of disul-
fide bridges is generally between cysteine residues bracket-
ing the charge-conferring or neutral sequence; however,
homocysteine residues or other sulfhydryl-containing amino
acid residues may be substituted for one or both of the
cysteine residues. In addition, amide or ester bridges may be
employed wherein the amide or ester is formed by reaction
of substituents of side chains of the bracketing amino acids,
or of the side-chain functional groups of one amino acid
internal to the peptide with the carboxyl group at the
C-terminus. For example, ester formation between the
hydroxy! group of a threonine residue and a carboxyl group
of an aspartic acid residue, or between the hydroxyl group
of threonine and the C-terminal carboxy results in a bridging
ester; reaction between the amino group of the lysyl side
chain and the carboxyl group of a glutamic side chain or
with the C-terminal carboxyl group resulis in a bridging
amide.

If helix formation is to be encouraged, a helical confor-
mation propensity-controlling residue is included at the
N-terminus. Preferred are o-amino isobutyric acid (Aib) if
helix formation is to be encouraged or 2-aminobutyric acid
(2ab) if it is not.

The peptides of the invention are preferably amidated at
the C-terminus.

In one embodiment, a family comprised of at least three
peptides that display a range of affinities for a protein in
comparison to the affinity of DEAE for the protein is
disclosed. The peptides of the family are of small numbers
of amino acids containing a preponderance of positively
charged amino acids, and the C-terminal extended and the
amidated forms thereof. Each peptide of the family differs
from all other peptides of the family with respect to at least
two parameters selected from the group consisting of total
positive charge, spatial arrangement of positive charge,
cyclization, and helical conformation propensity.

The peptides are selected from those of the formula:

H )1€0)m1 (O
H#)n(0)m1 (s
HX' #)(0),0(),2 X3

and

H X ($)p(0)ma X,

and their 1-2 C-terminal amino acid extended forms and
the amides thereof,

wherein H" represents a neutral amino acid which pro-
motes helix formation; H™ represents a neutral amino acid
which does not promote helix formation, “+” represents a
positively charged amino acid residue; “O” represents a
neutral amino acid residue; “—” represents a negatively
charged amino acid residue; X" and X? represent amino acid
residues capable, together, of bridge formation; and 11, m1,
nl, 12, m2, and n2 are integers subject to the following
restrictions:

11+m1+nl1=4-7;

11>n1;

12+m2+n2=3-5; and

12>n2; and wherein

said peptide optionally contains one or more pseudopep-
tide linkage.
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The nature of the amino acid residues indicated by plus,
zero and minus has been set forth hereinabove. X! and X?
are preferably cysteine residues, or may be other residues
capable of forming disulfide bridges, or residues capable of
forming esters or amides. The amidated forms of the pep-
tides of the invention are preferred; it is to be noted that the
number of amino acid in the peptides is somewhat arbitrary
and, correspondingly, short C-terminal extensions provide
compounds that are also included within the scope of the
invention.

Further, a family of at least three peptides which peptides
display a range of affinity for a protein in comparison to the
affinity of CMC for the protein is disclosed. The peptides of
the family are of small numbers of amino acids containing
a preponderance of negatively charged amino acids. Each
peptide of the family differs from all other peptides of the
family with respect to at least two parameters selected from
the group consisting of total negative charge, spatial
arrangement of negative charge, cyclization, and helical
conformation propensity.

The peptides are selected from those of the formula:

H(1)3(0)3(yess
H (1)3(0),3(),35
H X (1)1a(0),a()na X%

and

H X' #)p(0),()naX?,

and their 1-2 C-terminal amino acid extended forms and
the amides thereof,

wherein H* represents a neutral amino acid which pro-
motes helix formation; H™ represents a neutral amino acid
which does not promote helix formation, “+” represents a
positively charged amino acid residue; “O” represents a
neutral amino acid residue; “—” represents a negatively
charged amino acid residue; X' and X* represents amino
acid residues capable, together, of bridge formation; 13, m3,
n3, 14, m4, and n4 are integers subject to the following
restrictions:

13+m3+n3=4-7,

13<n3;

14+md4+n4=3-5; and

14<n4; and wherein

said peptide optionally contains one or more pseudopep-
tide linkage.

As will be evident, the negatively charged peptides of this
group are similar to those set forth above as mimics for
DEAE, except for the requirement that negative amino acids
predominate.

In yet another aspect, a family of at least three peptides,
which peptides display a range of affinity for a protein in
comparison to the affinity of a neutral solid support for said
protein is disclosed. The peptides of the family are of small
numbers of amino acids and have a net neutral charge. Each
peptide of the family differs from all other peptides of the
family with respect to at least two parameters selected from
the group consisting of hydrophobicity, spatial arrangement
of charges, cyclization, and helical conformation propensity.
The peptides are selected from those of the formula:

H @)15(0) s (s’
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H(4)5(0)ns(+)nss
H* X (4)6(0) 6 (s X%

and

H X' ($)6(0)ps(-Ine X

and their 1-2 C-terminal amino acid extended forms and
the amides thereof,

wherein H* represents a neutral amino acid which pro-
motes helix formation; H™ represents a neutral amino acid
which does not promote helix formation, “+” represents a
positively charged amino acid residue; “O” represents a
neutral amino acid residue; “-” regresents a negatively
charged amino acid residue; X' and X? represent amino acid
residues that form a bridge; 15, m5, n5, 16, m6, and né are
integers subject to the following restrictions:

15+m5+n5=4-7;

15=n5;

16+m6+n6=3-5; and

16=n6; and wherein

said peptide optionally contains one or more pseudopep-
tide linkages.

Again these compounds are similar to those set forth
above, except that the net charge on the molecule is neutral.
Thus, the descriptive elements with respect to the foregoing
compounds apply here, as well.

The peptides of the invention may be supplied individu-
ally in uncoupled form, or may be linked to an additional
moiety that is other than a simple extension of the peptide.
Such additional moiety may be a solid support, a label, a
drug or other biologically active material and/or a non-
peptide linker for coupling to the foregoing. When bonded
to solid support, the support is other than agarose support
with uncapped carboxyl groups. Labels may be, for
example, radiolabels, enzyme labels or fluorescent or chro-
mogenic. The solid support or label may be directly bound
to the peptide or joined through a linker such as those sold
by Pierce Chemical Co., Rockford, I11.; or may be joined
through a spacing polymer such as polyethyleneglycol
(PEG) or other bifunctional polymer.

Preparation of the Invention Compounds

The peptides of the invention are synthesized using con-
ventional techniques including, preferably, solid-phase pep-
tide synthesis, although solution-phase synthesis may also
be used. In solid-phase synthesis, for example, the synthesis
is commenced from the carboxyl-terminal end of the peptide
using an alpha-amino protected amino acid. t-Butyloxycar-
bonyl (Boc) protective groups can be used for all amino
groups even though other protective groups are suitable. For
example, Boc-Ser-OH, Boc-Asp-OH, Boc-Orn-OH, or Boc-
Tyr-OH can be esterified to chloromethylated polystyrene
resin supports. The polystyrene resin support is preferably a
copolymer of styrene with about 0.5 to 2% polystyrene
polymer to be completely insoluble in certain organic sol-
vents. See Stewart et al., Solid-Phase Peptide Synthesis
(1989) W.H. Freeman Co., San Francisco and Merrifield, J
Am Chem Soc (1963) 85:2149-2154. These and other meth-
ods of peptide synthesis are also exemplified by U.S. Pat.
Nos. 3,862,925, 3,842,067, 3,972,859, and 4,105,602.

The synthesis may use manual techniques or may be done
automatically, employing, for example, an Applied BioSys-
tems 430A Peptide Synthesizer (Foster city, Calif) or a
Biosearch SAM II automatic peptide synthesizer (Biosearch,
Inc., San Rafael, Calif.), following the instructions provided
in the instruction manual supplied by the manufacturer.
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The intermediates which are constructed in accordance
with the present disclosure during the course of synthesizing
the present peptide compounds are themselves novel and
useful compounds and are thus within the scope of the
invention.

Alternatively, selected compounds of the present inven-
tion can be produced by expression of recombinant DNA
constructs prepared in accordance with well-known meth-
ods. Such production can be desirable to provide large
quantities or alternative embodiments of such compounds.
Since the peptide sequences are relatively short, recombi-
nant production is facilitated.

Peptide analogs which include alternative-linking moi-
cties are prepared as described by Spatola, A. E., Vega Data
(March 1983), Vol. Issue 3, “Peptide Backbone Modifica-
tions” (general review; Spatola, A. F,, in “Chemistry and
Biochemistry of Amino Acids Peptides and Proteins”, B.
Weinstein, eds., Marcel Dekker, New York, p. 267 (1983)
(general teview); Morley, J. S., Trends Pharm Sci (1980),
pp- 463468 (general review); Hodson, D., et al., Int J Pept
Prot Res (1979) 14:177-185 (—CH,C—H,—S); Hann, M.
M., J Chem Soc Perkin Trans 1 (1982) 307-314 (—CH—
CH—, cis and trans); Almgquist, R. G, et al., J Med Chem
(1980) 23:1392-1398 (—COCH,—); Jennings-White, C., et
al., Tetrahedron Lett (1982) 23.2533 (—COCH,—); Szelke,
M., et al, European Application EP 45665 (1982)
CA:97:39405 (1982) (—CH(OH)CH,—); Holladay, M. W.,
et al., Tetrahedron Lent (1983) 24:4401-4404
(—CH(OH)CH,—); and Hruby, V. J., Life Sci (1982)
31:189-199 (—CH,—S—).

Uses of the Invention Compounds

The peptides of the invention are particularly useful in
procedures for separation and purification of various ana-
lytes using chromatographic techniques. In one method of
use, the peptides of the invention, which, for example,
mimic in various degrees the anion-exchange properties of
DEAE, are useful to provide alternative elution patterns for
mixtures of components or for separation of individual
substances.

For use in these techniques, the peptides of the invention
are coupled to solid supports. Coupling can be effected
through standard coupling techniques, depending on the
nature of the support and the functional groups available on
the peptides. General methods for coupling peptide residues
to solid supports are well known in the art.

Useful solid supports include inert supports such as
derivatized silica and control pore glass or the various
polysaccharide supports such as dextran and agarose. Aga-
rose supports may be used provided they do not contain
uncapped carboxyl groups as a result of the coupling. In one
typical procedure, the hydroxyl groups contained in the
agarose are partially oxidized to carboxyl moieties which are
then further derivatized, for example, with N-hydroxysuc-
cinimide. The resulting succinylated support is then reacted
with the amidated form of the invention peptides to obtain
the derivatized support. Care must be taken to derivatize all
of the available carboxyls with the peptides of the invention
or otherwise to cap free carboxyl groups; otherwise, the
presence of the carboxyl anions in the uncapped support will
interfere with the affinity attributes of the ligand-coupled
column. Accordingly, if agarose is used as a solid support
and the oxidized form is utilized for coupling, care must be
taken to ensure that no uncapped carboxyl groups are
present in the finished product.

However, various alternate solid supports other than aga-
rose may also be used, as set forth above, and wide variety
of coupling techniques may be employed, as is commonly
understood.

15

20

25

30

35

40

45

50

55

60

65

8

The coupled supports can be used singly or in groups,
depending on the nature of the application. For separations
of complex mixtures, or for purification of a desired sub-
stance from a mixture, individual coupled supports, prefer-
ably in the form of columns, can be used using standardized
chromatographic procedures. If it is desired to assess the
appropriate support for separation of mixtures, groups of the
derivatized supports, preferably at least sets of three sup-
ports, derivatized to different members of the families of
peptides of the invention may be employed. The three or
more members should be selected so as to vary in at least one
parameter typically selected from the group consisting of the
total charge contained in the molecule; the spatial arrange-
ment of the charge, if any; cyclization, and helical confor-
mation propensity (in the case of charged affinity ligands),
and selected from the group consisting of hydrophobicity,
spatial arrangement of hydrophobicity, cyclization and heli-
cal conformation propensity in the case of uncharged
ligands.

Such a set of ligands may also be used to provide a profile
of an analyte which exhibits binding to the derivatized
supports. In this application, sets of supports are used having
diversity in the properties mentioned above, as appropriate,
and the pattern of affinity used as an identifying fingerprint
for the analyte. The characteristics which provide the profile
may include crude measures such as percentage of the
analyte adsorbed by the various columns, or may include
more refined measurements such as elution times and the
like. Establishing the identifying characteristics of the pro-
file based on the behavior of the analyte with respect to a set
of such derivatized supports is well within ordinary skill.

In addition, for applications which require the coupling of
the peptides to solid supporis, the compounds of the inven-
tion can be used in a converse application—namely, to effect
the elution of analytes previously adsorbed to other solid
supports. Depending on the affinity of the peptides of the
invention for the affinity ligands contained on the adsorbing
support, selective elution of particular analytes and corre-
sponding profiling can also be effected.

Preferred Embodiments

In one group of preferred embodiments of the compounds
of the present invention, the peptides are the amidated forms
of peptides of the formula:

(Aib/2ab)-AAy-AAs-AA-AAs-AAg-AA,,

wherein AA, is cys, orn, lys, asp, glu, ser, gly, ala, phe or tyr;
each of AA, AA, AA, and AA, is independently orn, lys,
asp, glu, ser, gly, ala, phe or tyr,

AA, is absent or is cys, orn, lys, asp, glu, ser, gly, ala, phe
or tyr, and wherein the parameters set forth with regard to
the peptides in the various families described above are
maintained.

Particularly preferred are the set of peptides P1-P10 set
forth in Example 1 hereinbelow, wherein P1-P5 represent
members of the family of positively charged peptides; P6,
P7 and P9 represent members of the family of negatively
charged peptides; and P8 and P10 represent members of the
neutral family. Also preferred as additional members of the
positively charged amino acid family are:

1 2 3 4 5 6
aib—lys—om~om—om—om—NH,; (SEQ ID NO: 1)

1 2 3 4 5 &6 7
aib—orn—lys—ser—ser—orn—orn—NH;; (SEQ ID NO: 2)



9

-continued
1 2 3 4 5 6 7
2ab—cys—lys—orm—lys—orn-~cys—NH; (SEQ ID NO: 3)

2 3 4 35 6 7
aib—cys—ser—orn—lys—ser—cys—NHp; (SEQ ID NO: 4)

1 2 3 4 5 6 7
aib—om-—ala—orn—om—om-—ser—NH,; (SEQ ID NO: 5)

1 2 3 4 5§ 6
aib—lys—lys—lys—Ilys—om-~NHy; (SEQ ID NO: 6)

1 2 3 4 5 6 7
2ab—cys—orn—ala—orn—orn—cys—NH,; (SEQ ID NO: 7)

1 2 3 4 5 6 7
aib—cys—asp —orn—orn—1lys—cys—NH,; (SEQ ID NO: 8)

1 2 3 4 5 6 7 8

5,599,901
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aib—phe —orn—om-—orn—ser—ser-—orn—NH;; (SEQ ID NO: 9)

1 2 3 4 5 6
aib—tyr—ala—om—ala—tyr—NH; (SEQ ID NO: 10).

20

Other preferred members of the negatively charged family

include:

1 2 3 4 5 6
aib—asp—glu~—asp—asp—gly-—NHj; (SEQ ID NO: 11)

1 2 3 4 3 6 7
aib—asp—gly —ser—ser—asp—asp—NH;; (SEQ ID NO: 12)

1 2 3 4 5 6 7
2ab—cys—glu—gly —glu—gly~—cys—NH;: (SEQ ID NO: 13

1 2 3 4 5 6 7
aib—cys—ser—asp—glu—ser—cys—NH,; (SEQ ID NO: 14)

1 2 3 4 5 6 7
aib—asp—ala— glu—glu—orn—ser—NH,; (SEQ ID NO: 15)

1 2 3 4 5 6
2ab—asp—asp—asp—asp—asp—NHa; (SEQ ID NO: 16)

1 2 3 4 5 6 7
2ab—cys—glu—asp—ser—asp—cys—NH,; (SEQ ID NO: 17)

1 2 3 4 5 6 7
aib—cys —asp—om—glu—asp—cys—NH;; (SEQ ID NO: 18)

1 2 3 4 5 6 7 8

25
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2ab—phe —asp — glu—asp—ser~-ser—orn—NH;; (SEQ ID NO: 19)

1 2 3 4 5 6
aib—tyr—asp—gly—ala—tyr—NH,. (SEQ ID NO: 20)

45

Additional preferred members of the family of neutral

peptides include:

1 2 3 4 5 6
aib—gly—ser—ser—gly—ser—NHj; (SEQ ID NO: 21)

i 2 3 4 5 6 7
aib—orm—asp—ser—ser—orn—orn—NH;; (SEQ ID NO: 22)

1 2 3 4 5 6 7
2ab—cys—orn—glu—gly—om——cys—NH3; (SEQ ID NO: 23)

1 2 3 4 5 6 7
aib—cys—ser—orn—asp —ser—cys—NH;; (SEQ ID NO: 24)

1 2 3 4 5 6 7
aib—asp—ala—glu—ala—om—ser—NH,; (SEQ ID NO: 25)

1 2 3 4 5 6
aib—lys—asp-—Ilys—asp—ser—NH;,; (SEQ ID NO: 26)

1 2 3 4 5 6 7
2ab—cys—lys—asp—orn—asp~-cys—NH,; (SEQ ID NO: 27)

50
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-continued
1 2 3 4 5 6 7
aib—cys—ala—ala—orm—asp—cys—NHa; (SEQ ID NO: 28)

1 2 3 4 5 6 7 8
2ab—phe—ala—asp—ala—ser-—ser—orm—NH,; (SEQ ID NO: 29)

1 2 3 4 5 6
aib—phe—ala—ser—ala—tyr—NH, (SEQ ID NO: 30).

The following examples are intended to illustrate, but not
to limit, the invention.

EXAMPLE 1

Synthesis of Paralog Sorbents

Paralog sorbents were synthesized as individual paralog
peptides and coupled to N-hydroxy-succinimide activated
agarose (Affi-Gel 10) (~4 pmole/mL sorbent settled bed
volume (SBV) unless otherwise indicated) according to the
manufacturer’s recommendation. The loading density was
calculated by quantitating non-attached paralog by HPLC
after coupling; the difference between the initial peptide
amount in the coupling mixture and the amount present
post-coupling, after washing the beads, was considered to be
covalently attached to the agarose sorbent. All peptides were
synthesized by Multiple Peptide Systems (La Jolla, Calif.),
Advanced Chemtech (Louisville, Ky.), or Coast Scientific
Products (La Jolla, Calif.).

A slurry of each sorbent was placed in replicate wells of
a membrane-bottomed (flow-through) 96-well test plate
(Silent Monitor™, Pall Biosupport Corporation, Glen Cove,
N.Y.) effectively creating miniature “columns” of 150 pL
SBV. The wells of such Sorbent Plates were filled with
storage buffer and the plates sealed and refrigerated until
further use. For long term storage of the Sorbent Plates, 2%
glycerol and 0.01% Na-azide in TE (see Example 2) was
used. All reagents and steps were at room temperature.

The paralogs (P1-P10) synthesized were as follows:

1 2 3 4 5 6
Pl = aib—orn—orn—orm—orm—orn—NHj;

1 2 3 4 5 6 7
P2 = aib—om—orn—ser—ser—orm—orn—NI;

1 2 3 4 5 6 7
P3 =2ab—cys—om-—orm—orn—orn—cys—NHy;

1 2 3 4 5 6 7
P4 = aib—cys—ser—orn—orn—ser—cys —NHp;

1 2 3 4 5 6 7
P5 = aib—asp-—(D—ala) —orn~—orn—orn—ser—NHp;

1 2 3 4 5 6
P6 = aib—asp—asp-—asp—asp—asp—NH»;

1 2 3 4 5 6 7
P7 = 2ab—cys—asp—asp—asp—asp—cys—NHj;

1 2 3 4 5 6 7
P8 = aib—cys—asp—om—om—asp—cys—NH;;

1 2 3 4 5 6 7
P9 = aib— (D —phe) —asp—asp—ser—ser—orn—NH,;

where aib is alpha-amino isobutyric acid and 2ab is
2-amino butyric acid.

In all cases, the C-terminus is capped with an amide
group. Hydrophobic amino acids used (phenylalanine, ala-
nine, valine) are the D-isomers. Positive (omithine), nega-
tive (aspartic) and neutral hydrophilic residues (serine) have
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the shortest length side chains readily available. Intra-chain
cyclization is via a disulfide ‘bond between two cysteine
residues.

to

EXAMPLE 2

Adsorption Patterns

Collection plates (Falcon) were pretreated with Tween-20

block protein adsorption to the plastic surfaces. The 10

protein contents in the flow-through (FT) and retained-
eluted (RE) fractions from the various sorbent “columns”
prepared according to Example 1 were determined using the
Bio-Rad Protein Assay (Richmond, Calif.), adapted to the

96-well plate format; absorbances were read in a max Plate

15

Reader™ using SOFTmax™ software for curve fitting
(Molecular Devices, Menlo Park, Calif.). Homologous pro-
tein was used to generate a standard curve for each protein.

of paralogs P1-P10 are summarized in Table 1.

Charge distributions and conformation propensity status 20

TABLE 1

Paralog
Sorbent

Charge
Structure

Paralog
Sorbent

Charge

Structure 25

P1

P2

P3

P4

P5

Hi -+ P6 H*

H*+00++ P7
HA—A

P8 30

H-A+++A HfA—++A

P9 H*0—00+

H*AO++0A

H*-0+++0 P10 H*00000 3

The free amino group of the N-terminal amino acid is

used for coupling to the sorbent.

The standard buffer used for preparing the sorbent slurries 40

and sample loading was 10 mM Tris-HCI, pH 7.5, 1 mM
EDTA (TE). The standard elution buffers was 10 mM
Tris-HCI, pH 7.5, 1 mM EDTA, 1000 mM NaCl (TEN-
1000). In variants of TEN-1000, the NaCl concentrations
(mM) is indicated by the number following TEN-.

901
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with 200 pl. TE three times. Centrifugation steps to drain the
plates were performed on a Beckman TJ-6 centrifuge (Beck-
man Instruments, Fullerton, Calif.), equipped with 96-well
test plate carriers, at 750xg (~2000 rpm) for 2 minutes. The
columns were then equilibrated in TE by the addition of 200
KL TE and incubation for 15 minutes, followed by centrifu-
gation.

For binding profile experiments, 50 pL. of a purified
protein solution (1 mg/mL in TE buffer) were loaded onto
each column in the sorbent plate. The plate was incubated at
room temperature for 15 minutes to allow adsorption of the
sample to the chromatographic sorbents, after which 50 uL
of TE was added to each well and the buffer and unbound
sample collected by centrifugation into the same collection
plate. This microplate then contained ~150 L of unbound or
flow-through (FT) protein fraction.

For elution of any adsorbed protein, 75 uL TEN-1000
were added to each column and equilibrated for 15 minutes
at room temperature. The eluted proteins were collected into
a second pretreated microplate by centrifugation; followed
by a second 75 uL TEN-1000 equilibration and elution step,
collecting into the same plate. These samples are designated
the TEN-1000 retained-eluted (RE) fraction.

For re-use, the plates were washed with 6M urea and
re-equilibrated in TE prior to loading the next protein
samples.

The characteristic binding profile of BSA to the paralog
sorbents is shown in FIG. 1. Binding profiles were deter-
mined using DEAE, CMC, and ethanolamine-blocked Affi-
Gel (AFG) as controls. The amounts of BSA in the FT
and-the RE fractions for each sorbent are shown in FIGS. 1A
and 1B, respectively. As shown, DEAE-cellulose and para-
log sorbents P1, P3, and P4 bind a significant amount of
BSA, while CMC control, AFG and the remaining paralogs
do not. For P1, P3 and P4, variation in affinity is shown.

Plate-to-plate reproducibility is shown in Table 2. Fifty ug
BSA were loaded into each well and eluted according to the
standard protocol. Using 3 different sorbent plates, the
amount of protein in the FT and the RE fractions was
calculated. The average coefficient of variation (standard
deviation/mean) for the FT and RE fractions with significant
protein content was ~15%. The mass balance averaged to
88% of starting material for all sorbents. The results are
shown in Table 2.

TABLE 2
Flow Through Retained-Eluted Total Protein
SORBENT  Avg Std.Dev. % Avg Std.Dev. % Avg Std.Dev. %
DEAE 0.0 0.0 0 473 44 95 473 44 95
CM 4227 92 84 08 09 2 430 85 86
AFG 45.6 2.8 91 22 19 4 478 47 96
P1 26.7 2.6 53 197 16 39 464 3.8 93
P2 41.8 25 84 80 08 16 497 17 99
P3 0.0 0.0 0 317 17 63 317 1.7 63
P4 11.9 6.5 24 168 3.5 34 287 83 57
P35 423 26 8 50 13 10 473 26 95
P6 452 1.5 9 35 1.8 7 487 1.6 97
P7 433 35 87 35 30 7 468 6.4 94
P8 423 32 85 41 32 8 464 63 93
P9 452 33 %0 30 13 6 482 45 96
P10 43.8 8.0 88 31 07 6 469 173 94

To use the “columns” for chromatography, the storage 65

buffer was removed from the sorbent plate by centrifugation
into an empty 96-well plate, and the columns were washed
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EXAMPLE 3

Stability and Regeneration

The sorbents of the invention are also stable to denatur-
ants, thus permitting regeneration of the sorbents by strip-
ping all bound proteins with a strong denaturant. The
columns in Example 2 were treated with 6M urea, reequili-
brated in TE, and tested again for their ability to bind BSA.
A total of 5 binding/elution/regeneration cycles were per-
formed on three different sorbent plates. The results from
one plate are diagrammed in FIG. 2 in a three-dimensional
bar chart which displays the BSA binding profile on a panel
of sorbents across 5 successive cycles.

EXAMPLE 4

Protease Resistance of the Paralog Sorbents

The paralog sorbents of the invention have both N and C
termini blocked; they also incorporate several non-standard
amino acids. To test the efficacy of these features in hinder-
ing proteolysis, the BSA binding capacity of fresh paralog
sorbents was compared to that of sorbents incubated with 1
mg/mL trypsin solution for 30 minutes. The activity of the
trypsin solution was confirmed in parallel experiments by
observing release into solution of dye from azocoll, an
insoluble dye-protein conjugate. After removing the trypsin,
washing the sorbents with 6M urea and reequilibrating the
sorbent plate in TE buffer, we repeated the BSA binding
experiment. The amount of BSA bound was compatible to
that shown in Table 2 indicating that at least those paralog
sorbents which bind BSA are resistant to proteolysis. During
a different set of experiments, we saw that trypsin treatment
of plates used many times with a variety of proteins helped
to restore the BSA binding characteristics, presumably by
degrading irreversibly bound protein.

EXAMPLE 5

Binding Profiles of a Panel of Single Proteins

After establishing the reproducibility of operations with
BSA, we used the standard protocol to determine the binding
profile of several other commercially available purified
single proteins. The binding experiments were performed at
least three times for each protein. Periodically, BSA was run
on the plates as a quality assurance marker. The BSA profiles
were similar to Table 2 providing additional evidence for
reusability of the plates. FIG. 3 displays the binding profile
of several proteins on DEAE-cellulose, CM-cellulose,
blocked Affi-Gel (AFG), and the paralog sorbents. For this
figure, the results are presented as a transformed bar chart in
which the height of the bars have been transferred into gray
scale values. We established five levels on the gray scale,
which correspond to <5, 5-15, 15-25, 25-35 and >35 pg
adsorbed protein out of the 50 pg applied. FIG. 3 thus allows
data for all three parameters to be easily visualized: 13
sorbentsx10 proteinsx5 qualitative adsorption values.

EXAMPLE 6

Measurement of the Affinity Binding Constant (Ka)
Affinity Binding Constant (Ka) Measurement

Equal volumes (200 pl) of a BSA solution series at
varying concentrations (2.5, 5.0, 10.0, 20.0, 50.0 mg/mL-
Jwere loaded onto 80 uL SBV “columns” of DEAE and 200
uL SBV “columns” of paralog sorbents P3 and P4 at a ligand
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density of ~14 umole/mL SBV. After incubation for 15 min,
the sorbents were washed with TE buffer to remove the
non-adsorbed BSA. The adsorbed BSA was then eluted with
TEN-1000 buffer and the protein concentration of the frac-
tion determined. Adsorption isotherms were constructed and
affinity binding constants calculated by Scatchard analysis.

The results (FIG. 4) indicate that the sorbents provide
binding strengths comparable to traditional ion-exchange
resins, ~10°M™, a range that also characterizes low to
moderate affinity antibodies [14]. The affinity of protein-
paralog interactions is thus in the range which is typically
used for chromatographic resolution of similar proteins by
repeated differential partitioning, a process not generally
possible in the on/off step elution mode of traditional affinity
chromatography using high-affinity ligands.

At a ligand density of 14 pymoles/ml of paralog sorbent,
the capacity of P3 for BSA is about 13% the capacity of a
comparable amount of DEAE-cellulose, in reasonable
accord with the fact that the number of positive charges is
about 9% that of DEAE-cellulose. Independently prepared
batches of paralog sorbents, with constant amount of paralog
put into the coupling reaction, yielded sorbents with equal
ligand densities to within the accuracy of the determination.
For these experiments, the amount of ligand conjugated to
the solid support was estimated from the difference between
ligand added to the conjugation reaction and ligand recov-
ered free in solution following the reaction. As a functional
test, two independently prepared batches of P4 were used to
generate BSA binding profiles, with the results matching to
within the precision of the determination. A second pair of
sorbents using paralog P4 was also prepared with half the
amount of ligand attached to the solid phase; the maximal
binding for BSA to these sorbents was reduced approxi-
mately by half compared to the higher ligand density sor-
bent.

EXAMPLE 7

Application of Paralog Sorbents to Sequential
Fractionation of a Complex Protein Mixture

Yeast extract, a whole cell acetone lysate, was dissolved
in TE (180 mg solid in 2 mL buffer) with 10 pL of freshly
prepared 50 mM PMSF added as a protease inhibitor. After
centrifugation at 10,000xg for 10 minutes, the sample solu-
tion was loaded on a 5 ml SBV DEAE-cellulose column and
washed with 80 mL loading buffer. The adsorbed proteins
were eluted with approximately 100 mL TEN-200 buffer,
dialyzed against distilled water and lyophilized. This protein
mixture was then used as starting material for further
fractionation experiments comparing the performance of
DEAE-cellulose and selected paralog sorbents, again using
the microplate format for sequential step gradient elutions.
For these experiments, all fractions were collected, dialyzed,
lyophilized and then analyzed by SDS-PAGE (10%) elec-
trophoresis using silver staining as the visualization tech-
nique.

Differential binding profiles of proteins is expected to aid
in protein purification. To further examine the utility of the
novel sorbents in a model protein fractionation system, a
complex mixture of yeast proteins was first fractionated on
DEAE-cellulose using a steep NaCl gradient. The protein
fractions were eluted with 0, 20, 50, 80, 100 and 140 mM
NaCl in TE buffer. The 80 mM NaCl fraction was then
dialyzed against TE. Following a commonly practiced pro-
tein purification strategy, that fraction was then re-fraction-
ated on DEAE using a shallower NaCl gradient (10, 20, 30,
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40, 50, 60, 70, 80, 90 and 100 mM NaCl) to provide higher
resolution. In parallel, other aliquots of the same fraction
were chromatographed on paralog sorbents P3 and P4,
anion-exchange variants. The use of a flow-through micro-

16

lower on the paralog sorbents than on DEAE-cellulose. The
composition differences of the corresponding fractions (e.g.,
same ionic strength) collected from P3 and P4 are also
distinct.

plate, following the protocol described above for single 5 - U s
protein profile determI;nations, helped to insure that thegase To, further comp are the utility of the differing selectivities
parallel processing steps were conducted under identical provided by the far‘mly of paralog sorbents, we se}ected the
conditions. Three wells of each sorbent were used, and -0 MM NaCl fraction from the secondary separation on P3
fractions pooled, to provide enough capacity for the sequen- and, following dialysis against TE, subjected it to a tertiary
tial fractionation experiments. 10 fractionation on sorbent P4. Similarly, the 50 mM NaCl

The SDS-PAGE analysis of the resulting fractions are frac:tion fron? P4 was applied to P3. The proteins in these
provided in FIG. 5. A constant proportion of each fraction tertiary fracﬁonanon §teps on pgth paralog sorbents were
was loaded onto the gel, thus resulting in certain lanes being eluted with a salt gradient containing 30, 40, 50, and 80 mM
overloaded with regard to optimal staining for visualization NaCl steps. The SDS-PAGE analysis of these fractions are
of individual bands but allowing clear visualization of the 15 displayed in FIG. 5C. It is evident that the composition of
differences in overall binding between the various fractions. the analogous fractions are significantly different. These
The differences in selectivity between DEAE and the para- observations indicate that consecutive purification steps on
log sorbents are clearly illustrated in FIG. 5B. The ionic different paralog sorbents can provide favorable selectivity
strength necessary for the elution of the protein mixtures is for a variety of proteins.

SEQUENCE LISTING

( 1 ) GENERAL INFORMATION:

(i1i i )NUMBER OF SEQUENCES: 40

( 2 ) INFORMATION FOR SEQ ID NO:1:

( i ) SEQUENCE CHARACTERISTICS:
( A ) LENGTH: 6 amino acids
( B ) TYPE: amino acid
( C ) STRANDEDNESS: singlc
( D ) TOPOLOGY: lincar

—

i x ) FEATURE:
( A ) NAME/KEY: Modificd-site
( B ) LOCATION: 1

( D ) OTHER INFORMATION: /notc="This position is aib.”

i x ) FEATURE:
( A ) NAME/KEY: Modificd-silc
( B ) LOCATION: 3
( D ) OTHER INFORMATION: /note="This posilion is orn

i x ) FEATURE:
( A ) NAME/KEY: Modificd-sitc
( B ) LOCATION: 4
( D ) OTHER INFORMATION: /notc="This position is orm.

—_

i x ) FEATURE:
( A ) NAME/KEY: Modificd-sitc
( B ) LOCATION: 5
( D ) OTHER INFORMATION: /note="This position is om.

-

i x ) FEATURE:
( A ) NAME/KEY: Modificd-sitc
( B ) LOCATION: 6
( D ) OTHER INFORMATION: /notc="This position is omn.

—-~

x i ) SEQUENCE DESCRIPTION: SEQ ID NO:1:

Xaa Lys Xaa Xaa Xaa
1 5

Xaa

( 2 ) INFORMATION FOR SEQ ID NO:2:

( 1 ) SEQUENCE CHARACTERISTICS:
( A ) LENGTH: 7 amino acids
( B ) TYPE: amino acid
( C ) STRANDEDNESS: singlc
( D ) TOPOLOGY: lincar

( i x ) FEATURE:
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-continued

( A ) NAME/KEY: Modificd-site
( B ) LOCATION: 1
( D ) OTHER INFORMATION: /note="This position is aib.”

—

i x ) FEATURE:
( A ) NAME/KEY: Modificd-sitc
( B ) LOCATION: 2
( D ) OTHER INFORMATION: /notc=""This position is orn.”

i x ) FEATURE:
( A ) NAME/KEY: Modificd-sitc
( B ) LOCATION: 6
( D } OTHER INFORMATION: /note="This position is orn.”

i x ) FEATURE:
{ A ) NAME/KEY: Modificd-silc
( B ) LOCATION: 7
( D ) OTHER INFORMATION: /notc="This position is orn.”

x i ) SEQUENCE DESCRIPTION: SEQ ID NO:2:

Xaa Xaa Lys Ser Scr Xaa Xaa
1 5

( 2 ) INFORMATION FOR SEQ ID NO:3:

( 1 ) SEQUENCE CHARACTERISTICS:
( A ) LENGTH: 7 amino acids
¢ B ) TYPE: amino acid
( C ) STRANDEDNESS: single
( D ) TOPOLOGY: lincar

—

i x ) FEATURE:
( A ) NAME/KEY: Modificd-site
( B ) LOCATION: 1
( D ) OTHER INFORMATION: /note="This position is 2ab.”

—~

i x ) FEATURE:
( A ) NAME/KEY: Modificd-site
( B ) LOCATION: 4
( D ) OTHER INFORMATION: /nolc="This position is omn.”

{ i x ) FEATURE:
( A ) NAME/KEY: Modified-sitc
( B ) LOCATION: 6
( D ) OTHER INFORMATION: /notc="This position is om.”

x 1 ) SEQUENCE DESCRIPTION: SEQ ID NO:3:

Xaa Cys Lys Xaa Lys Xaa Cys
1 5

( 2 ) INFORMATION FOR SEQ ID NO:4:

( 1 ) SEQUENCE CHARACTERISTICS:
( A ) LENGTH: 7 amino acids
( B ) TYPE: amino acid
( C ) STRANDEDNESS: single
( D ) TOPOLOGY: lincar

( 1 x ) FEATURE:
( A ) NAME/KEY: Modificd-site
( B ) LOCATION: 1
( D ) OTHER INFORMATION: /notc="This position is aib.”

( i x ) FEATURE:
( A ) NAME/KEY: Modificd-sitc
( B ) LOCATION: 4
( D ) OTHER INFORMATION: /notc="This position is orn.”
( x i ) SEQUENCE DESCRIPTION: SEQ ID NO:4:
Xaa Cys Secr Xaa Lys Scr Cys
1 5

( 2 ) INFORMATION FOR SEQ ID NO:5:
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-continued

( i ) SEQUENCE CHARACTERISTICS:
( A ) LENGTH: 7 amino acids
( B ) TYPE: amino acid
( C ) STRANDEDNESS: single
( D ) TOPOLOGY: lincar

i x ) FEATURE:

{ A ) NAME/KEY: Modificd-sitc

( B ) LOCATION: 1

( D ) OTHER INFORMATION: /notc="This position is aib.”

—~

( i x ) FEATURE:
( A ) NAME/KEY: Modificd-sitc
( B ) LOCATION: 2
( D ) OTHER INFORMATION: /note="This position is orn.”

—_

i x ) FEATURE:

( A ) NAME/KEY: Modificd-silc

( B ) LOCATION: 4

( D ) OTHER INFORMATION: /note="This position is orn.”

~

i x ) FEATURE:

( A ) NAME/KEY: Modificd-site

( B ) LOCATION: 5

( D ) OTHER INFORMATION: /notc="This posilion is orn.”

~

i x ) FEATURE:

( A ) NAME/KEY: Modificd-sitc

( B ) LOCATION: 6

( D ) OTHER INFORMATION: /notc="This position is ormn.”

—~

x i )} SEQUENCE DESCRIPTION: SEQ ID NO:5:

Xaa Xaa Ala Xaa Xaa Xaa Scr
1 5

( 2 ) INFORMATION FOR SEQ ID NO:6:

( i ) SEQUENCE CHARACTERISTICS:
( A ) LENGTH: 6 amino acids
( B ) TYPE: amino acid
( C ) STRANDEDNESS: single
( D ) TOPOLOGY: lincar

{ i x ) FEATURE:
( A ) NAME/KEY: Modificd-site
( B ) LOCATION: 1
( D ) OTHER INFORMATION: /notc="This posilion is aib.”

( i x ) FEATURE:
( A ) NAME/KEY: Modificd-sitc
( B ) LOCATION: 6
( D ) OTHER INFORMATION: /note="This position is orn.”

( x i ) SEQUENCE DESCRIPTION: SEQ ID NO:6:

Xaa Lys Lys Lys Lys Xaa
1 5

( 2 ) INFORMATION FOR SEQ ID NO:7:

( i ) SEQUENCE CHARACTERISTICS:
( A ) LENGTH: 7 amino acids
( B ) TYPE: amino acid
( C ) STRANDEDNESS: single
( D ) TOPOLOGY: lincar

( i x ) FEATURE:
( A ) NAME/KEY: Modificd-sitc
( B ) LOCATION: 1
( D ) OTHER INFORMATION: /note="This position is 2ab.”

( i x ) FEATURE:
( A ) NAME/KEY: Modificd-site
( B ) LOCATION: 3
( D ) OTHER INFORMATION: /note="This position is orn.”

( i x ) FEATURE:
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-continued

( A ) NAME/KEY: Modificd-site
( B ) LOCATION: 5
( D ) OTHER INFORMATION: /note="This position is orn.”

( i x ) FEATURE:
( A ) NAME/KEY: Modificd-sitc
( B ) LOCATION: 6
( D ) OTHER INFORMATION: /notc="This position is orn.”

( x i ) SEQUENCE DESCRIPTION: SEQ ID NO:7:

Xaa Cys Xaa Ala Xaa Xaa Cys
1 5

( 2 ) INFORMATION FOR SEQ ID NO:8:

( i ) SEQUENCE CHARACTERISTICS:
( A ) LENGTH: 7 amino acids
( B ) TYPE: amino acid
( C ) STRANDEDNESS: singlc
( D ) TOPOLOGY: lincar

i x ) FEATURE:
( A ) NAME/KEY: Modificd-site
( B ) LOCATION: 1
( D ) OTHER INFORMATION: /note="This position is aib.”

—~

i x ) FEATURE:
( A ) NAME/KEY: Modificd-sitc
( B ) LOCATION: 4
( D ) OTHER INFORMATION: /note="This position is orn.”

i x ) FEATURE:
( A ) NAME/KEY: Modificd-silc
( B ) LOCATION: §
( D ) OTHER INFORMATION: /note="This position is orn.”

N

x i ) SEQUENCE DESCRIPTION: SEQ ID NO:8:

Xaa Cys Asp Xaa Xaa Lys Cys
1 5

( 2 ) INFORMATION FOR SEQ ID NO:9:

( 1 ) SEQUENCE CHARACTERISTICS:
( A ) LENGTH: 8 amino acids
( B ) TYPE: amino acid
( C ) STRANDEDNESS: single
( D ) TOPOLOGY: lincar

i x ) FEATURE:

( A ) NAME/KEY: Modificd-sitc

( B ) LOCATION: 1

( D ) OTHER INFORMATION: /note="This position is aib.”

i x ) FEATURE:

( A ) NAME/KEY: Modificd-sitc

( B ) LOCATION: 3

( D ) OTHER INFORMATION: /notc="This position is omn.”

i x ) FEATURE:

( A ) NAME/KEY: Modificd-sitc

( B ) LOCATION: 4

( D ) OTHER INFORMATION: /note=*This posilion is orn.”

i x ) FEATURE:

( A }) NAME/KEY: Modificd-silc

( B ) LOCATION: 5

( D ) OTHER INFORMATION: /note="This position is orn.”

i x ) FEATURE:

( A ) NAME/KEY: Modificd-silc

( B ) LOCATION: 8

( D ) OTHER INFORMATION: /note="This position is orn.”

( x i ) SEQUENCE DESCRIPTION: SEQ ID NO:9:

Xaa Phe Xaa Xaa Xaa Secr Scr Xaa
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-continued

( 2 ) INFORMATION FOR SEQ ID NO:10:

( i ) SEQUENCE CHARACTERISTICS:
( A ) LENGTH: 6 amino acids
{ B ) TYPE: amino acid
( C ) STRANDEDNESS: single
( D ) TOPOLOGY: lincar

( i x ) FEATURE:
( A ) NAME/KEY: Modificd-site
{ B ) LOCATION: 1
( D ) OTHER INFORMATION: /note="This position is aib.”

( i x ) FEATURE:
( A ) NAME/KEY: Modified-site
( B ) LOCATION: 4
( D ) OTHER INFORMATION: /notc="This position is orn.”

( x i ) SEQUENCE DESCRIPTION: SEQ ID NO:10:

Xaa Tyr Ala Xaa Ala Tyr
1 5

( 2 ) INFORMATION FOR SEQ ID NO;11:

( i ) SEQUENCE CHARACTERISTICS:
( A ) LENGTH: 6 amino acids
( B ) TYPE: amino acid
( C ) STRANDEDNESS: single
( D ) TOPOLOGY: lincar

( i x ) FEATURE:
( A ) NAME/KEY: Modificd-sitc
( B ) LOCATION: 1
( D ) OTHER INFORMATION: /note="This posilion is aib.”

( x i ) SEQUENCE DESCRIPTION: SEQ ID NO:11:

Xaa Asp Glu Asp Asp Glu
1 5

( 2 ) INFORMATION FOR SEQ ID NO:12:

( i ) SEQUENCE CHARACTERISTICS:
( A ) LENGTH: 7 amino acids
( B ) TYPE: amino acid
( C ) STRANDEDNESS: singlc
( D ) TOPOLOGY: lincar

( i x ) FEATURE:
( A ) NAME/KEY: Modificd-sitc
( B ) LOCATION: 1
( D ) OTHER INFORMATION: /note="This position is aib.”

( x i ) SEQUENCE DESCRIPTION: SEQ ID NO:12:

Xaa Asp Glu Scr Scr Asp Asp
1 5

( 2 ) INFORMATION FOR SEQ ID NO:13:

( 1 ) SEQUENCE CHARACTERISTICS:
( A ) LENGTH: 7 amino acids
( B ) TYPE: amino acid
( C ) STRANDEDNESS: singlc
( D ) TOPOLOGY: lincar

( i x ) FEATURE:
( A ) NAME/KEY: Modificd-silc
( B ) LOCATION: 1
( D ) OTHER INFORMATION: /notc="This position is 2ab.”

( x i ) SEQUENCE DESCRIPTION: SEQ ID NO:13:
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Xaa Cys Glu Gly Glw Gily Cys
1 5

( 2 ) INFORMATION FOR SEQ ID NO:14:

( i } SEQUENCE CHARACTERISTICS:
( A ) LENGTH: 7 amino acids
( B ) TYPE: amino acid
( C ) STRANDEDNESS: single
{ D ) TOPOLOGY: lincar

( i x ) FEATURE:
( A ) NAME/KEY: Modified-sitc
( B ) LOCATION: 1
( D ) OTHER INFORMATION: /note="This posilion is aib.”

( x i } SEQUENCE DESCRIPTION: SEQ ID NO:14:

Xaa Cys Scr Asp Glu Ser Cys
1 5

( 2 ) INFORMATION FOR SEQ ID NO:15:

( i ) SEQUENCE CHARACTERISTICS:
( A ) LENGTH: 7 amino acids
{ B ) TYPE: amino acid
( C ) STRANDEDNESS: single
( D ) TOPOLOGY: lincar

(i x ) FEATURE:
( A ) NAME/KEY: Modificd-sitc
( B ) LOCATION: 1
( D ) OTHER INFORMATION: /nolc="This position is aib.”

( 1 x ) FEATURE:
( A ) NAME/KEY: Modificd-sile
( B ) LOCATION: 6
( D ) OTHER INFORMATION: /note="This position is om.”

( x i ) SEQUENCE DESCRIPTION: SEQ ID NO:15:

Xaa Asp Ala Gilu Glu Xaa Secr
1 5

( 2 ) INFORMATION FOR SEQ ID NO:16:

( i ) SEQUENCE CHARACTERISTICS:
( A ) LENGTH: 6 amino acids
( B ) TYPE: amino acid
( C ) STRANDEDNESS: single
( D ) TOPOLOGY: lincar

( i x ) FEATURE:
( A ) NAME/KEY: Modificd-site
( B ) LOCATION: 1
( D ) OTHER INFORMATION: /note="This positicn is 2ab.”

( x 1 ) SEQUENCE DESCRIPTION: SEQ ID NO:16:

Xaa Asp Asp Asp Asp Asp
1 5

( 2 ) INFORMATION FOR SEQ ID NO:17:

( 1 ) SEQUENCE CHARACTERISTICS:
( A ) LENGTH: 7 amino acids
( B ) TYPE: amino acid
( C ) STRANDEDNESS: single
( D ) TOPOLOGY: lincar

( i x ) FEATURE:
( A ) NAME/KEY: Modificd-sitc
( B ) LOCATION: 1
( D ) OTHER INFORMATION: /note="This position is 2ab.”

( x 1 ) SEQUENCE DESCRIPTION: SEQ ID NO:17:
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Xaa Cys Glu Asp Scr Asp Cys
1 5

( 2 ) INFORMATION FOR SEQ ID NOQ:18:

( i1 ) SEQUENCE CHARACTERISTICS:
{ A ) LENGTH: 7 amino acids
( B ) TYPE: amino acid
( C ) STRANDEDNESS: single
( D ) TOPOLOGY: lincar

( i x ) FEATURE:
( A ) NAME/KEY: Modificd-sitc
{ B ) LOCATION: 1
( D ) OTHER INFORMATION: /note="This position is aib.”

( i x ) FEATURE:
( A ) NAME/KEY: Modificd-site
( B ) LOCATION: 4
( D ) OTHER INFORMATION: /note="This position is orn.”

( x i ) SEQUENCE DESCRIPTION: SEQ ID NO:18:

Xaa Cys Asp Xaa Glu Asp Cys
1 5

( 2 ) INFORMATION FOR SEQ ID NO:19:

( i ) SEQUENCE CHARACTERISTICS:
( A ) LENGTH: 8 amino acids
( B ) TYPE: amino acid
( C ) STRANDEDNESS: single
( D ) TOPOLOGY: lincar

( i x ) FEATURE:
( A ) NAME/KEY: Aclive-sitc
( B ) LOCATION: 1
( D ) OTHER INFORMATION: /note="This position is 2ab.”

( i x ) FEATURE:
( A ) NAME/KEY: Modificd-sitc
( B ) LOCATION: 8
{ D ) OTHER INFORMATION: /notc="This position is orn.”

( x i ) SEQUENCE DESCRIPTION: SEQ ID NO:19:

Xaa Phe Asp Glu Asp Secr Scr Xaa
1 5

( 2 ) INFORMATION FOR SEQ ID NO:20:

( i ) SEQUENCE CHARACTERISTICS:
( A ) LENGTH: 6 amino acids
{ B ) TYPE: amino acid
{ C ) STRANDEDNESS: single
( D ) TOPOLOGY: lincar

( i x ) FEATURE:
( A ) NAME/KEY: Modificd-sitc
( B ) LOCATION: 1
( D ) OTHER INFORMATION: /note="This position is aib.”

{ x i ) SEQUENCE DESCRIPTION: SEQ ID NO:20:

Xaa Tyr Asp Gly Ala Tyr
1 5

( 2 ) INFORMATION FOR SEQ ID NQ:21:

( i ) SEQUENCE CHARACTERISTICS:
( A ) LENGTH: 6 amino acids
( B ) TYPE: amino acid
{ C ) STRANDEDNESS: single
( D ) TOPOLOGY: lincar
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( i x ) FEATURE:
( A ) NAME/KEY: Modificd-sile
( B ) LOCATION: 1
( D ) OTHER INFORMATION: /note="This position is aib.”

( x i ) SEQUENCE DESCRIPTION: SEQ ID NO:21:

Xaa Gly Scr Secr Gly Ser
1 5

( 2 ) INFORMATION FOR SEQ ID NO:22:

( i ) SEQUENCE CHARACTERISTICS:
( A ) LENGTH: 7 amino acids
( B ) TYPE: amino acid
( C ) STRANDEDNESS: single
( D ) TOPOLOGY: lincar

i x ) FEATURE:
( A ) NAME/KEY: Modificd-sitc
( B ) LOCATION: 1
( D ) OTHER INFORMATION: /notc="This posilion is aib.”

i x ) FEATURE:
( A ) NAME/KEY: Modificd-sitc
( B ) LOCATION: 2
( D ) OTHER INFORMATION: /notc="This position is orn.”

i x ) FEATURE:
( A ) NAME/KEY: Modificd-site
( B ) LOCATION: 6
( D )} OTHER INFORMATION: /note="This position is orn.”

—~

i x ) FEATURE:
( A ) NAME/KEY: Modified-site
( B ) LOCATION: 7
( D ) OTHER INFORMATION: /note="This position is orn.”

x i ) SEQUENCE DESCRIPTION: SEQ ID NO:22:

Xaa Xaa Asp Scr Ser Xaa Xaa
1 5

( 2 ) INFORMATION FOR SEQ ID NO:23:

( i ) SEQUENCE CHARACTERISTICS:
{ A ) LENGTH: 7 amino acids
{ B ) TYPE: amino acid
( C ) STRANDEDNESS: single
( D ) TOPOLOGY: linear

N

i x ) FEATURE:
( A ) NAME/KEY: Modificd-sitc
( B ) LOCATION: 1
( D ) OTHER INFORMATION: /note="This position is 2ab.”

i x ) FEATURE:
( A ) NAME/KEY: Modificd-site
( B ) LOCATION: 3
( D ) OTHER INFORMATION: /note="This position is orn.”

i x ) FEATURE:
( A ) NAME/KEY: Modificd-site
( B ) LOCATION: 6
( D ) OTHER INFORMATION: /notc="This position is orn.”

x i ) SEQUENCE DESCRIPTION: SEQ ID NO:23:

Xaa Cys Xaa Glu Glu Xaa Cys
1 5

( 2 ) INFORMATION FOR SEQ ID NO:24:

( i ) SEQUENCE CHARACTERISTICS:
( A ) LENGTH: 7 amino acids
( B ) TYPE: amino acid
( C ) STRANDEDNESS: single
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( D ) TOPOLOGY: lincar

( i x ) FEATURE:
( A ) NAME/KEY: Modified-sitc
( B ) LOCATION: 1
( D ) OTHER INFORMATION: /notc="This position is aib.”

( i x ) FEATURE:
( A ) NAME/KEY: Modificd-site
( B ) LOCATION: 4
( D ) OTHER INFORMATION: /notc="This position is orn.”

( x i ) SEQUENCE DESCRIPTION: SEQ ID NO:24:

Xaa Cys Scr Xaa Asp Scr Cys
1 5

( 2 ) INFORMATION FOR SEQ ID NO:25:

(i ) SEQUENCE CHARACTERISTICS:
{ A ) LENGTH: 7 amino acids
( B ) TYPE: amino acid
( C ) STRANDEDNESS: singic
( D ) TOPOLOGY: lincar

( i x ) FEATURE:
( A ) NAME/KEY: Modificd-sitc
( B ) LOCATION: 1
( D ) OTHER INFORMATION: /note="This position is aib.”

( i x ) FEATURE:
( A ) NAME/KEY: Modified-sitc
( B ) LOCATION: 6
( D ) OTHER INFORMATION: /notc="This position is orn.”

( x i ) SEQUENCE DESCRIPTION: SEQ ID NO:25:

Xaa Asp Ala Glu Ala Xaa Scr
1 5

( 2 ) INFORMATION FOR SEQ ID NQ:26:

( i ) SEQUENCE CHARACTERISTICS:
( A ) LENGTH: 6 amino acids
( B ) TYPE: amino acid
( C ) STRANDEDNESS: singic
( D ) TOPOLOGY: lincar

( i x ) FEATURE:
( A ) NAME/KEY: Modificd-sitc
( B ) LOCATION: 1
( D ) OTHER INFORMATION: /note="This posilion is aib.”

( x i ) SEQUENCE DESCRIPTION: SEQ ID NO:26:

Xaa Lys Asp Lys Asp Secr
1 5

( 2 ) INFORMATION FOR SEQ ID NO:27:

( i ) SEQUENCE CHARACTERISTICS:
{ A ) LENGTH: 7 amino acids
( B ) TYPE: amino acid
( C ) STRANDEDNESS: single
( D ) TOPOLOGY: lincar

( i x ) FEATURE:
( A ) NAME/KEY: Modificd-silc
( B ) LOCATION: 1
( D ) OTHER INFORMATION: /notc="This posilion is 2ab.”

( i x ) FEATURE:
( A ) NAME/KEY: Modificd-site
( B ) LOCATION: 5
( D ) OTHER INFORMATION: /notc="This position is orm.”

{ x 1 ) SEQUENCE DESCRIPTION: SEQ ID NO:27:
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Xaa Cys Lys Asp Xaa Asp Cys
1 5

( 2 ) INFORMATION FOR SEQ ID NO:28:

( i ) SEQUENCE CHARACTERISTICS:
( A ) LENGTH: 7 amino acids
( B ) TYPE: amino acid
( C ) STRANDEDNESS: single
( D ) TOPOLOGY: lincar

(i x ) FEATURE:
( A ) NAME/KEY: Modificd-sitc
( B ) LOCATION: 1
( D ) OTHER INFORMATION: /notc="This position is aib.”

( 1 x ) FEATURE:
( A ) NAME/KEY: Modificd-site
( B ) LOCATION: 5
( D ) OTHER INFORMATION: /note="This position is om.”

( x 1 ) SEQUENCE DESCRIPTION: SEQ ID NO:28:

Xaa Cys Ala Ala Xaa Asp Cys
1 5

{ 2 ) INFORMATION FOR SEQ ID NO:25:

( i ) SEQUENCE CHARACTERISTICS:
( A ) LENGTH: 8§ amino acids
( B ) TYPE: amino acid
( C ) STRANDEDNESS: single
( D ) TOPOLOGY: lincar

( i x ) FEATURE:
( A ) NAME/KEY: Modificd-site
( B ) LOCATION: 1
( D ) OTHER INFORMATION: /note="This position is 2ab.”

( i x ) FEATURE:
( A ) NAME/KEY: Maodified-sile
( B ) LOCATION: 8
( D ) OTHER INFORMATION: /notc="This posilion is orn.”

( x 1 ) SEQUENCE DESCRIPTION: SEQ ID NO:29:

Xaa Phe Ala Asp Ala Scr Scr Xaa
1 5

( 2 ) INFORMATION FOR SEQ ID NO:30:

( 1 ) SEQUENCE CHARACTERISTICS:
( A ) LENGTH: 6 amino acids
( B ) TYPE: amino acid
{ C ) STRANDEDNESS: single
( D ) TOPOLOGY: lincar

(i x ) FEATURE:
( A ) NAME/KEY: Modificd-site
( B ) LOCATION: 1
( D ) OTHER INFORMATION: /notc="This position is aib.”

( x i ) SEQUENCE DESCRIPTION: SEQ ID NO:30:

Xaa Phe Ala Scr Ala Tyr
1 5

( 2 ) INFORMATION FOR SEQ ID NO:31:

( 1 ) SEQUENCE CHARACTERISTICS:
{ A ) LENGTH: 6 amino acids
( B ) TYPE: amino acid
( C ) STRANDEDNESS: singlc
( D ) TOPOLOGY: lincar
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i x ) FEATURE:
( A ) NAME/KEY: Modificd-sitc
( B ) LOCATION: 1
( D ) OTHER INFORMATION: /notc="This position is aib.”

—_

i x ) FEATURE:
( A ) NAME/KEY: Modificd-sitc
( B ) LOCATION: 2
(D ) OTHER INFORMATION: /note="This position is orn.”

i x ) FEATURE:
( A ) NAME/KEY: Modified-sitc
( B ) LOCATION: 3
( D ) OTHER INFORMATION: /note="This position is orn.”

i x ) FEATURE:
( A ) NAME/KEY: Madified-site
( B ) LOCATION: 4
( D ) OTHER INFORMATION: /note="This position is orn.”

=S

i x ) FEATURE:
( A ) NAME/KEY: Modificd-sitc
( B ) LOCATION: 5
( D ) OTHER INFORMATION: /nolc="This position is orn.”

—_

i x ) FEATURE:
( A ) NAME/KEY: Modificd-sitc
( B ) LOCATION: 6
( D ) OTHER INFORMATION: /nole="This position is orn.”

—_

x i ) SEQUENCE DESCRIPTION: SEQ ID NO:31:

Xaa Xaa Xaa Xaa Xaa Xaa
1 5

( 2 ) INFORMATION FOR SEQ ID NO:32:

( i ) SEQUENCE CHARACTERISTICS:
( A ) LENGTH: 7 amino acids
( B ) TYPE: amino acid
( C ) STRANDEDNESS: single
( D ) TOPOLOGY: lincar

-~

i x ) FEATURE:

( A ) NAME/KEY: Modificd-silc

( B ) LOCATION: 1

( D ) OTHER INFORMATION: /note="This position is aib.”

-~

i x ) FEATURE:

( A ) NAME/KEY: Modificd-sitc

( B ) LOCATION: 2

( D ) OTHER INFORMATION: /note="This position is orn.”

i x ) FEATURE:

( A ) NAME/KEY: Modificd-site

( B ) LOCATION: 3

( D ) OTHER INFORMATION: /note="This position is om.”

—_

i x ) FEATURE:

( A ) NAME/KEY: Modificd-sitc

( B ) LOCATION: 6

( D ) OTHER INFORMATION: /note="This position is orn.”

-

i x ) FEATURE:

( A ) NAME/KEY: Modificd-silc

( B ) LOCATION: 7

( D ) OTHER INFORMATION: /note="This position is om.”

x i ) SEQUENCE DESCRIPTION: SEQ ID NO:32:

Xaa Xaa Xaa Scr Scr Xaa Xaa
1 5

( 2 ) INFORMATION FOR SEQ ID N0O:33:

( i ) SEQUENCE CHARACTERISTICS:

( A ) LENGTH: 7 amino acids
( B ) TYPE: amino acid
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( C ) STRANDEDNESS: singlc
( D ) TOPOLOGY: lincar

—

i x ) FEATURE:
{ A ) NAME/KEY: Modificd-sitc
( B ) LOCATION: 1
( D ) OTHER INFORMATION: /note="This position is 2ab.”

(i x ) FEATURE:
( A ) NAME/KEY: Modificd-sitc
( B ) LOCATION: 3
( D ) OTHER INFORMATION: /notc="This position is orn.”

{ i x ) FEATURE:
( A ) NAME/KEY: Modificd-site
( B ) LOCATION: 4
( D ) OTHER INFORMATION: /note="This position is orn.”

( i x ) FEATURE:
( A ) NAME/KEY: Modified-sitc
( B ) LOCATION: 5
( D ) OTHER INFORMATION: /notc="This position is orn.”

{ i x ) FEATURE:
( A ) NAME/KEY: Modified-sitc
( B ) LOCATION: 6
( D ) OTHER INFORMATION: /notc="This position is orn.”

( x i ) SEQUENCE DESCRIPTION: SEQ ID NO:33:

Xaa Cys Xaa Xaa Xaa Xaz Cys
1 5

( 2 ) INFORMATION FOR SEQ ID NO:34:

( 1 ) SEQUENCE CHARACTERISTICS:
( A ) LENGTH: 7 amino acids
( B ) TYPE: amino acid
( C ) STRANDEDNESS: singlc
( D ) TOPOLOGY: lincar

( i x ) FEATURE:
( A ) NAME/KEY: Modified-site
( B ) LOCATION: 1
( D ) OTHER INFORMATION: /notc="This posilion is aib.”

( i x ) FEATURE:
( A ) NAME/KEY: Modificd-sitc
( B ) LOCATION: 4
( D ) OTHER INFORMATION: /note="This position is orn.”

(i x ) FEATURE:
( A ) NAME/KEY: Madificd-site
( B ) LOCATION: 5
( D ) OTHER INFORMATION: /note="This position is om.”

( x i ) SEQUENCE DESCRIPTION: SEQ ID NO:34:

Xaa Cys Scr Xaa Xaa Scr Cys
1 5

( 2 ) INFORMATION FOR SEQ ID NO:35:

( i ) SEQUENCE CHARACTERISTICS:
( A ) LENGTH: 7 amino acids
( B ) TYPE: amino acid
( C ) STRANDEDNESS: single
( D ) TOPOLOGY: lincar

(i x ) FEATURE:
( A ) NAME/KEY: Modificd-site
( B ) LOCATION: 1
( D ) OTHER INFORMATION: /note="This position is aib.”

( i x ) FEATURE:
{ A ) NAME/KEY: Modified-sitc
( B ) LOCATION: 4
( D ) OTHER INFORMATION: /note="This position is om.”
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( i x ) FEATURE:
{ A ) NAME/KEY: Modificd-site
( B ) LOCATION: 5
( D ) OTHER INFORMATION: /notc="This position is om.”

( i x ) FEATURE:
( A ) NAME/KEY: Modificd-site
{ B ) LOCATION: 6
( D ) OTHER INFORMATION: /note="This position is omn.”

( x i ) SEQUENCE DESCRIPTION: SEQ ID NO:35:

Xaa Asp Ala Xaa Xaa Xaa Ser
1 5

( 2 ) INFORMATION FOR SEQ ID NO:36:

( i ) SEQUENCE CHARACTERISTICS:
( A ) LENGTH: 6 amino acids
( B ) TYPE: amino acid
( C ) STRANDEDNESS: single
( D ) TOPOLOGY: lincar

( i x ) FEATURE:
( A ) NAME/KEY: Modificd-site
( B ) LOCATION: 1
( D ) OTHER INFORMATION: /nole="This posilion is aib.”

( x i ) SEQUENCE DESCRIPTION: SEQ ID NO:36:

Xaa Asp Asp Asp Asp Asp
1 5

( 2 ) INFORMATION FOR SEQ ID NO:37:

( i ) SEQUENCE CHARACTERISTICS:
( A ) LENGTH: 7 amino acids
{ B ) TYPE: amino acid
( C ) STRANDEDNESS: single
( D ) TOPOLOGY: lincar

( i x ) FEATURE:
( A ) NAME/KEY: Modificd-sitc
( B ) LOCATION: 1
( D ) OTHER INFORMATION: /notc="This posilion is 2ab.”

( x i ) SEQUENCE DESCRIPTION: SEQ ID NO:37:

Xaa Cys Asp Asp Asp Asp Cys
1 5

( 2 ) INFORMATION FOR SEQ ID NO:38:

( i ) SEQUENCE CHARACTERISTICS:
( A ) LENGTH: 7 amino acids
( B ) TYPE: amino acid
( C ) STRANDEDNESS: singlc
( D ) TOPOLOGY: lincar

( i x ) FEATURE:
( A ) NAME/KEY: Modificd-sitc
( B ) LOCATION: 1
( D ) OTHER INFORMATION: /note="This position is aib.”

( i x ) FEATURE:
( A ) NAME/KEY: Modificd-sitc
( B ) LOCATION: 4
( D ) OTHER INFORMATION: /notc="This position is orn.”

{ i x ) FEATURE:
( A ) NAME/KEY: Modificd-sitc
( B ) LOCATION: 5
( D ) OTHER INFORMATION: /note="This position is orn.”

( x i ) SEQUENCE DESCRIPTION: SEQ ID NO:38:
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Xaa Cys Asp Xaa Xazaa
1 5

Asp Cys

( 2 ) INFORMATION FOR SEQ ID NO:39:

( i ) SEQUENCE CHARACTERISTICS:
( A ) LENGTH: 7 amino acids
( B ) TYPE: amino acid
( C ) STRANDEDNESS: single
{ D ) TOPOLOGY: lincar

(i x ) FEATURE:
( A ) NAME/KEY: Modificd-sitc
( B ) LOCATION: 1
{ D ) OTHER INFORMATION: /nolc="This position is aib.”

( i x ) FEATURE:
( A ) NAME/KEY: Modified-site
( B ) LOCATION: 7
{ D ) OTHER INFORMATION: /note="This position is om.”

( x i ) SEQUENCE DESCRIPTION: SEQ ID NO:39:

Xaa Phec Asp Asp Scr Scr

1 5

Xaa

( 2 ) INFORMATION FOR SEQ ID NO:40:

( i ) SEQUENCE CHARACTERISTICS:
( A ) LENGTH: 6 amino acids
( B ) TYPE: amino acid
( C ) STRANDEDNESS: single
( D ) TOPOLOGY: lincar

(i x ) FEATURE:
( A ) NAME/KEY: Modificd-silc
( B ) LOCATION: 1
( D ) OTHER INFORMATION: /nolc="This position is aib.”

( x i ) SEQUENCE DESCRIPTION: SEQ ID NO:40:

Xaa Tyr Ala Gly Ala Tyr
1 5
40
I claim: wherein the sequence within {} is variable; H" represents
1. A family of at least three peptides, which peptides, a neutral amino acid which promotes helix formation;
when bound to a solid support, display a range of affinities H™ represents a neutral amino acid which discourages
for an analyte as compared with the affinity of a diethylami- helix formation, “+” represents a positively charged
noethyl (DEAE) moiety for said analyte when said DEAE is 45 amino acid residue; “O” represents a neutral amino acid
bound to the same support, wherein all the peptides of said residue including a hydrophobic neutral residue; “-”
family have a net positive charge at neutral pH and wherein represents a negatively charged amino acid residue; X'
each peptide of the family differs from all other peptides of an X represent residues which together form a cova-
the family with respect to at least two parameters selected lent bridge; and 11, m1, nl1, 12, m2, and n2 are integers
from the group consisting of net positive charge, spatial subject to the following restrictions:
arrangement of the positive charge, cyclization, and helical 39 11+ml+nl=4-7:
conformation propensity Ji>nl: ’
wherein each peptide has a formula selected from the ;
group consisting of: 12+m2+n2=3-5; and
12>n2.
55 2. The family of claim 1 wherein H" is aib (amino
HY{#)1(0)m1(&m 15 isobutyric acid) and H™ is 2ab (2-aminocbutyric acid).
~ . 3. The family of claim 2 wherein “+” is orn (ornithine)
HAO0(Om O and “~” is asp (aspartic).
H* XN ($)(0),2(-),2 X2 4. The family of claim 2 wherein “O” is gly, ser, ala, phe
60 or tyr.
and 5. The family of claim 3 wherein at least one peptide is
selected from the group consisting of
H X ()0, )a X A{b-om-orn-orn—orn—orn—NHz,
65 Aib-orn-orn-ser-ser-orn-om-NH,,

the foregoing peptides optionally extended at the C-ter-
minus by 1-2 amino acids and the amides thereof,

2ab-cys-om-orm-orn-orm-cys-NH,,
Aib-cys-ser-ormn-orn-ser-cys-NH,, and
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Aib-asp-(D-ala)-orn-ormn-orn-ser-NH,.

6. A family of at least three peptides including the
amidated forms thereof which peptides, when bound to a
solid support, display a range of affinities for an analyte as
compared with the affinity of a carboxymethy! (CM) moiety
for said analyte when bound to said support, wherein all the
peptides of the family have a net negative charge at neutral
pH, and wherein each peptide of the family differs from all
other peptides of the family with respect to at least two
parameters selected from the group consisting of net nega-
tive charge, spatial arrangement of the negative charge,
cyclization, and helical conformation propensity

wherein each peptide has a formula selected from the

group consisting of:

HH{(#)3(0)ns(H)ns s
H{#)a(0)ns(-)sl
H'XH)4(0)ma(na 1X%

and

H XY ) O)na s X

the foregoing peptides optionally extended at the C-ter-
minus by 1-2 amino acids and the amides thereof,

wherein the sequence within {} is variable; H* represents
a neutral amino acid which promotes helix formation;
H~ represents a neutral amino acid which discourages
helix formation; “+” represents a positively charged
amino acid residue; “O” represents a neutral amino acid
residue including a hydrophobic neutral residue; “~”
Tepresents a negatively charged amino acid residue; X!
and X? represent residues which together form a cova-
lent bridge; 13, m3, 03, 14, m4, and n4 are integers
subject to the following restrictions:
13+m3+n3=4-7;
13<n3,;
14+md4+n4=3-5; and
14<n4.
7. The family of claim 6 wherein H" is aib (amino
isobutyric acid) and H™ is 2ab (2-aminobutyric acid).
8. The family of claim 6 wherein “+” is orn (ornithine)
and “—” is asp (aspartic).
9. The family of claim 6 wherein “O” is gly, ser, ala, phe
or tyr.
10. The family of claim 7 wherein at least one peptide is
selected from the group consisting of

Aib-asp-asp-asp-asp-asp-NH,,

2ab-cys-asp-asp-asp-asp-cys-NH,, and

aib-(D-phe)-asp-asp-ser-ser-om-NH,.

11. A family of at least three peptides including the
amidated forms thereof, which peptides when bound to a

10

20
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44

neutral solid support display a range of affinities for an
analyte as compared with the affinity of said neutral solid
support for said analyte, wherein all the peptides of the
family bave a net neutral charge at neutral pH, and wherein
each peptide of the family differs from all other peptides of
the family with respect to at least two parameters selected
from the group consisting of hydrophobicity, spatial
arrangement of charges, cyclization, and helical conforma-
tion propensity

wherein each peptide has a formula selected from the

group consisting of;

HY(#)5(0),ns(-)ns};
H{®)i5(0)nsHns};
H XY () e(O)msns X%

and

H XY ) 6(On6(-ns} X2

the foregoing peptides optionally extended at the C-ter-
minus by 1-2 amino acids and the amides thereof,

wherein the sequence within {} is variable; H* represents
a neutral amino acid which promotes helix formation;
H™ represents a neutral amino acid which discourages
helix formation; “+” represents a positively charged
amino acid residue; “O” represents a neutral amino acid
residue including a hydrophobic neutral residue; “—”
represents a negatively charged amino acid residue; X!
and X? represent residues which together form a cova-
lent bridge; and 15, mS5, n5, 16, m6, and né are integers
subject to the following restrictions:

15+m5+n5=4-7,

15=n5;

16+m6+n6=3-5; and

16=n6.

12. The family of claim 11 wherein at least one O is
hydrophobic.

13. The family of claim 11 wherein H* is aib (amino
isobutyric acid) and H™ is 2ab (2-aminobutyric acid).

14. The family of claim 11 wherein “+” is orn (ornithine)
and “—" is asp (aspartic).

15. The family of claim 11 wherein “O” is gly, ser, ala, phe
or tyr.

16. The family of claim 11 wherein at least one peptide is
selected from the group consisting of

Aib-cys-asp-om-orn-asp-cys-NH,, and

Aib-tyr-(D-ala)-gly-(D-ala)-tyr-NH,.

* ok ok ok ok



